Keywords: NR1 NR2A NR2B Anterior cingulate cortex Formalin-induced conditioned place avoidance (F-CPA) Fos Pain affect Rat a b s t r a c t NMDA receptors, which are implicated in pain processing, are highly expressed in forebrain areas including the anterior cingulate cortex (ACC). The ACC has been implicated in the affective response to noxious stimuli. Using a combination of immunohistochemical staining, Western blot, electrophysiological recording and formalin-induced conditioned place avoidance (F-CPA) rat behavioral model that directly reflects the affective component of pain, the present study examined formalin nociceptive conditioninginduced changes in the expressions of NMDA receptor subunits NR1, NR2A, and NR2B in the rostral ACC (rACC) and its possible functional significance. We found that unilateral intraplantar (i.pl.) injection of dilute formalin with or without contextual conditioning exposure markedly increased the expressions of NMDA receptor subunits NR2A and NR2B but not of NR1 in the bilateral rACC. NMDA-evoked currents in rACC neurons were significantly greater in formalin-injected rats than in naïve or normal salineinjected rats. Selectively blocking either NR2A or NR2B subunit in the rACC abolished the acquisition of F-CPA and formalin nociceptive conditioning-induced Fos expression, but it did not affect formalin acute nociceptive behaviors and non-nociceptive fear stimulus-induced CPA. These results suggest that both NMDA receptor subunits NR2A and NR2B in the rACC are critically involved in pain-related aversion. Thus, a new strategy targeted at NMDA NR2A or NR2B subunit might be raised for the prevention of painrelated emotional disturbance. Ó
NR1 NR2A NR2B Anterior cingulate cortex Formalin-induced conditioned place avoidance (F-CPA) Fos Pain affect Rat a b s t r a c t NMDA receptors, which are implicated in pain processing, are highly expressed in forebrain areas including the anterior cingulate cortex (ACC). The ACC has been implicated in the affective response to noxious stimuli. Using a combination of immunohistochemical staining, Western blot, electrophysiological recording and formalin-induced conditioned place avoidance (F-CPA) rat behavioral model that directly reflects the affective component of pain, the present study examined formalin nociceptive conditioninginduced changes in the expressions of NMDA receptor subunits NR1, NR2A, and NR2B in the rostral ACC (rACC) and its possible functional significance. We found that unilateral intraplantar (i.pl.) injection of dilute formalin with or without contextual conditioning exposure markedly increased the expressions of NMDA receptor subunits NR2A and NR2B but not of NR1 in the bilateral rACC. NMDA-evoked currents in rACC neurons were significantly greater in formalin-injected rats than in naïve or normal salineinjected rats. Selectively blocking either NR2A or NR2B subunit in the rACC abolished the acquisition of F-CPA and formalin nociceptive conditioning-induced Fos expression, but it did not affect formalin acute nociceptive behaviors and non-nociceptive fear stimulus-induced CPA. These results suggest that both NMDA receptor subunits NR2A and NR2B in the rACC are critically involved in pain-related aversion. Thus, a new strategy targeted at NMDA NR2A or NR2B subunit might be raised for the prevention of painrelated emotional disturbance. Furthermore, Johansen and Fields [16] demonstrated that glutamatergic activation in the rACC is necessary and sufficient for painlike aversion. It is therefore suggested that activation of glutamate NMDA receptors in the rACC is required for the induction of painrelated negative affect.
Both competitive and non-competitive NMDA receptor antagonists produce unacceptable side-effects including psychotomimesis, ataxia, and sedation. Thus, the development of subtypeselective NMDA antagonists has become one of the most promising current strategies [3, 23, 25] . Functional NMDA receptors contain heteromeric combinations of the NR1 subunit plus one or more NR2A-D [11,27], of which the NR1, NR2A and NR2B subunits are highly expressed in forebrain areas [26] . Our previous study has demonstrated that blockade of glycine site on NR1 subunit of NMDA receptors in the rACC abolished F-CPA [30] . Studies from Zhuo's laboratory have shown that both NMDA NR2A and NR2B subunits play critical roles in the formation of long-term potentiation (LTP) in the ACC [45] . Also, the upregulation of NMDA NR2B subunit in the ACC contributed to inflammatory behavioral sensitization, and enhanced NMDA receptor-mediated EPSCs [42] . Based on the previous works, we proposed that NMDA NR2A and/or NR2B subunits would undergo upregulation in the rACC following
